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(57! A magnetic fieUj §«n«rati!-:g co« structure for tjse in fitic.S-;;:!!- rnsgnetis rssossance cofnputsr 
tosTjoqsssijh so which the botsndariBS <sS- a sUcs; are p-ssciseiy determined due to «isfni;-s8tion of msgnfttic 
coupling b«tw«!8» sri coil and ts grs-dient field coiL Th« gradierrt f!s^sd coiS incksd&s cosSs K 2 and 3 
f«r geftsrstiog jr>asr!ijt!C. fi&M& ^(th gfadiems in X, Y and 2 orthogonal sJirsctioos whlh s uniform field 
ges^erati?-fg st«^U!-ss.!r« produces s us-siform field sn the Z dirsctfor-t An BP soii structurs ;s disposed within 
She uriiferrj! fiy-d gttrH5?;;si;e9 coii strec-ur'j and the grsdiecit iMii generating coil sta;ctu?"SJ. is"s 
accordance wiih the snvention, 3 cyiiridricai shielding isyer (7) made of an ;dectric«;^y conductive 
n'ssersid is cl'Spoasd on s; iea-st ono tix; i:;;cd« sind ouJ^ide oi ide grsdisnS: fisid generatirig t:i>sl 
J5ir«.;;t!;fe. Thsj Sfsickrisas of th-3 sfiielding iiiy-sr is n:s3«Se squsi to imQer ihm s si<!n dsjpih determinssd 
by ths fefjtjeney of ih« RF tieid and the resistivity of th« shiisiding isysr md mads smaifer tiisrj a skin 
deosh deter rrsirsecj by ti?e grsd:«ri:t fteid corsticsS frequency s^d the resistitsty of ths shssiding layer. 
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SpgaFICATIOM 

^sgfsstlo fIsM soil for I^I^S—CT 

S Th« prssent invsolsori s«kS:es iq a mags>8tte 

fialiS cosi sif usturss of s nucfesf n^agnetic reso- 
s^s-rsixi apparatus for a somputs!- toj^riogrsph 
(mfen-ed to h«r55s?^afSgr as sn NiV1B~CT), and 
panicsuisdy to an HMB-CT having in-sproved 

Fjgs. ■? 3 shovy ao axan-ipia or a convsn- 
tionas apparaSiss «f this iypi*-- svhich Fsg. 1 
i$ a psrspsic-tive view of a conyentsonal grads- 
is>f)t naid sos> struatpr*. Fig, 2 is s psrspsctive 

1 § vi«w <jf 5sn RF soH structum, snd Fig, 3 shews 
the tissnstfuctbi^ of a msgnetic soil for the 
N,MR --CT, ths hmr bms^g con-ipossd of the 
gradient field cosi sj^fijaura srsd 5:h« BF coil 
StrucUiro. in thssjo figures, ^h■^ gradssnt field 

20 coli 1 0 is scjnsSf uctsid with a gradient fisid 
co)^ compo&sd of tour coils, supported by 5s 
coil swpjxjri frafjvs 4, which gsnsrats the 
magnetic fieki with the grsdsent In the X 
dSfsotioo, 3 gradient fi<5id G,. coil Z componoii 

2B of four oosis whi«!T gsnerats tiie frisgnetic field 
with ths grsdisnf in the Y disection {ofihogo- 
mi to the X direction), snd s grndisnt fisid G^: 
coif 3 compossd of two cdih for gsneratifig 
thsi n-i8gn«1:ic field with the grsdient irs {he 1 

30 direction (onhogonsi to ths^ X an<i Y dirso- 
tionsi- A msgniJtic field with ifjs gfaPiont irs 
m sri3itrary direciiori csn Po produced by 
suitably cxsntrofiing the currersf* fkswirig 
through the colS 1, 0, coll 2 end 0;, csssi 3, 

3S As shown in Fig. 3, inskfe the coil structure 
1 0 thofs is diaposjBC! an RF coii 20. With 
refsfonco to Fig, 3, -hs RF coii 20 is corsv 
pcss^rd of a cyiindrioai aupposf frame 40 with a 
saddio coii 5 disposed thereon. A uniform 

40 iiesd ooii strsicfus-^i 6 m further provided for 
producing a highly yniforr^ magnetic fissld In 
the Z direction. Although the uniform fieid ceil 
stroctnre 3 is shown in rip. 3 as boinp 
disposed ouiside shr; g^diarst field coil struc- 

45 fore 1 0, th» cosi sts-!.(otsji«is 6 and 1 0 may bs 
interchanged in position it desired. 

in opsration, in an i^iVsR imagirig systsnri, 
the body portion to i)e examined is disposed 
sosido tha RF coii structure 20 to obtain a 

oO NiVlH ssgna? therefrom, Fio, 4 iilustrateis tha 
doiennination of a tomograpfsic pSarJO thropgh 
a hui-nsn head, in Fig. ^, a soiid Sine rsfiovyj; 
the reistion of thd position of the head to s 
?T;agn8t!C fioid of intonsity iS^ in the Z dirsc- 

68 tiun, which is a son-; of a gradient fisSd and a 
highiy uniform fioid. 

Assuming a slice oi tise i^ead having a 
center iina at Zv and a thicicness of AZ the 
intensity of the msgnotio tkikl in which the 

60 si^cs is disposed is between (B.^ - A:&Bx) and 
(Skj -f i-iiSv). Thereforo, ti^a sesonance fra- 
ouenoy of a sebstaooe iprotona; in the siiee 
frnm which the NiVii^ signai is obtainod faiis 
within s range from y (S,;, ~ |ABv) to 

8S vi8^ ^- whsrs Y is the ovromaonetic 



ratio. When a high froqueooy ^RF) magnstic 
fieid gesersied by the i^F coii structure 20 
and whose freguenoy components ere within 
tfio sbovs rsnfjs is appifed to mo slice at^- 

70 ditlonany, oftSy pnstorss in ti^e slic® are excited 
and absorb energy. An MM?? detection signai 
is sccordingly produced frnn-s which an NIV^R 
tomogram can ba F8iG«>nstmst8d by processifsg 
«fjth s Gomputer. As rssnttonad aisove, in 

IB pfdsr to determine s cartsirt alk-e plans of th® 
h&sd, it is riocessery to apply boih an r?F fisid 
of s fregoency in the cori.stant rangs and a 
gredierst field to tha head or other body part 

80 in ordsf to generste an FfF field %¥hose 
freouency range is from ytB«) - 4^^2)^ 
yCBi-c, -F *AB.^), a current is supplied to tho RF 
coii which ia obtained by modaiating a sinuso-' 
idai corrorn having s froqueocy y(B;^;;!. The 
85 moduiation to bs used is seiactod such that a 
frequency spectrum obtained by .Rjurier trans- 
formatidn of e current wavolorsn fnpdutstad 
thereby faif,'5 within tf-ie hequency J^nga of 
y{B,, - iAB,) to y{B,,, -F fAB,). 
§0 rig. 5 shows the i^F field a.od an e.xaropie 
of the waveform of a currant fiowirsg througb 
the 6^ coil for producing the sradient firid in 
the Z direction. The absciesa indicates timo T. 
Ur fig. B, the Gj coil Ciirr0rit h inverted after 
9S appiication of the RF field so tfhst the phasse 
o; ;!-!e excited protons is nsade uniforoi. 

The gradient held coil struetisre 1 D shown 
in Fig, i and the BF coii structure 20 si?own 
ssi Fig, are coaxrsisy Si'ran^ed as showrs in Fig. 

100 3. if the coil structiires 10 and 20 were 
manufectursd and sfranged ide;3>ily, there 
would be r?o eiectromagrseiio coypling there- 
betiveen, wi^ich is she a.jse for the weveforms 
shown in Fig, 5. Howaver, it is impossible as 

tOS 8 prjy^ticsl rnattsf to manofactura and arrange 
them ideaiiy, resulting in onavoidshle e!e?;tro- 
magnetic coopliog therafootwoan. 

An effect of such electromagnsttc; coopling 
is shown in Fig. 6 which shows actusi wsve- 

1 10 forms obtained by a convaritional magnetic 
fiald coil structure fcr an NlyiR--CT. This is, 
when the RF coil is enargixed in a pulsed 
rhsnner during tho energi^sdir>n of the G;; coiF 
en. RF pulsa vrsltsge is irsduced in the (5. coii. 

1 1 S dm tic which the 6, coii current varies. Due 
to the variation of the G;, cod corront, '«n 
grsdiej-vf field which is in s range of 
m,^ - ^A8.) to (B,« 4- f &Bv) Is appiied sho to 
body portions otbe^ th,-sn the slice of thickness 

t20 .AZ cantered at Z.. That is. protons ootssde the 
slice are also excited and the oistained NiViR 
signal comains irsbrnsatis^n fsrsrc not only the 
desirad slice but also fr<fm porhons around the 
sisea. This results in hlurrinji of the tomogram. 

125 An object of the present fjwafstion is thus to 
provide a msonotic held eoil structure for an 
NMR--CT which has sr> BF oojI and a gradient 
field call having no rsigis hoquaricy eiecsro- 
magnetic coupling therobetweon, and which 

1 30 conseouently provides exact slice plane deter- 
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Aft<j£>fdHsg ks 1h« ps-5ss;ens: invention, thg 
above object is schssved by Ihs pmvjsion of a 
msgr^stis 5%icl cos! stmcturs for MMR-CT 
6 hsiving a shksksing Isy^r msde of an slsctd- 
sslsv conductivis matsna? in the form of s 
cylinder disposed st least snsids or outside the 

10 fi'giJs-s ?' is 8 pefspsetivs v©w of 3 sorsvers- 
t;ona§ gjadses-t tssid gensifatsng cosi; 

gynasBlinsj soil: 
PiQitrfi 3 iS s sross-ssctsonsl viaw of s 
IS magnetic lisSd coH structi^rs for an NMR~CT,; 
Bgurs 4 yiiMrsiss tho principfest of doter- 
srsinli-sg s siice^ phsno for HlX'ltn toniography; 

Bgurs S showt' idssi vvavefcfms of the RF 
fssid md current ITowirig through the gradient 
20 coii; 

figism 8 sjhj>w« sijrssbr wavef j>*ms to those 
of Fig. S for sio sctusi case; 

Rgim 7 is e porsf>eiit!V8 view of a gradient 
ooli ccrtstrisctsd scoording to a preferrsd sm- 
2S bodiment of the present iriverition; sod 

a ^? and 10 psrspectlvs views of 
coife socording to other e^mbtsdimersts 
of ths prossrst invgr^tsofj. 

In Fig. 7, which si; a persp»(;tive v?8w of a 
30 gn^dient fs^sd gsnsi-jstsng eoiS str!.<et;jf« 10 
oonstf'ijc-sd acvordirKi io « pi'eferre?; en-\i>odi" 
merit of thss present jriverition, e cyHnddcai 
shielding feyer 7 made of ok-s^riissUY oonduc- 
tivs i^isterisS h dieposed isroijnd ja <:y!indrksii 
35 coii support frsms 4, and gradieot fk=!d gars^f- 
atii-!8 coils 'i , 2 -md 3 a;^; provided on m« 
dutiir surfese of the shieki^ng byer 7. 

The thickness t of th« shielding layer 7 is 
selosiad sjo a« lo satisfy the fotlowii-is; 

40 

wh«?-e f.,,: is tho frequency of tivs RF ir.agnstie 
field, ff, is Si i50i«roi frequency tor ths gradient 
maqnetio fiek^ giiofiretint eoii striscfore 10, 
■^S and a-;f) is a «kio depth whiclvis rspjB.'jentod 
by 

2p 



wii8;-& p is th§ rssistivity csf the ehieiding layer, 
f is frsquency, end ii is the peritteahiility of the 
shseldinq Jsyer. 

S5 That ^, whsn the th(cknees of the shielding 
layer is made eqeai to or greater than tf<o skin 
depth determined by the Bf field fr^gijency 
end tfio rssiiitivsiy of the shieSding layer but 
smaller tegr? ti^e si<in depth detsf n-!sne<i by the 

SO oradisfit flsid eontroi freeuency end ths resis- 
tivity of she shieldir^g layers, the HF neld 
oenersted by en RF coii 20 end oenetratsng 
the renip fiekJ oe^l f 0 ia ;;hield!^<:i by sddy 
currents produced in the xhiekHng layer 7, 



and thus the versstiosi of the grKdiern field soil 
current duo to the HF- field «^ oilmineted, 
l^erefere. It becoreos pesssble to procss-ssly 
deterrriine ths sHce boisi^deries. On ti>55 eliier 
70 harvd, sinee the thlckr^ess t of the shseidirig 
feyer 7 is eufticieetiv si^valier then the skir? 
depth a^f^) ssaociated wstb the grssdism field 
doii coj-drol froqeenev- the gs^idiofit fieki Is rsol 
shlsfdod steetrorj^agnetieslly by: the ieyer 7. 
76 For vsiiiee of: 

fsP- 10 ivIHs, 

fs ^» 1 KHe 

<e==2.7X -ia - ^Srvi 

>i«4g'X- 10"'' H/m 
80 e<„,.) - 2? snd 

S(y ~ 2.B mm, 

is doienninsd as; 

85 §(fft5) =« 27 i£tm^t< <§(f«) 2.6 mm. 

Thus, a suitable value for §(f„s.) Is, for 
example, SO am. 

Although, in the above ee->bodimerit the 

90 shielding layer 7 is sjispesed i.ossde of ths 
gradiei^t frsid coli str uctyre 1 (I It is possible 
to dispose it eufeide of the gradient field coll 
structure 10, as shown in Fig, 8, or Irtside df 
the cos! support frame 4, as showr^ in Fig. 9. 
98 svlareover, if shieidirjcj layers are disposed k5 
both sides csf the gradient field ooii struolure, 
the ehieldirig effesJt iri.oy be further ijsproved, 

Fig. 10 is a perspeoiive view of a mmp field 
coll stfUiJture ecixjrding to ai-sothi^r emi>s>d)- 

100 meet of ttso preserst invenikiri- In Fig. 10, s 
shielding layer 7 Is; fonned on the grsdient 
field ooil struotrsre i>y winding thijfooe a thin 
cofiductive ttjpe hevir^g desirsjd tbiokftess. Ad- 
sacofit edgos of turns of iho taps-are over- 

105 lapped, it is possible to tsse s cor?ductlve tape 
having s thickness smaller tSi;en -he skk; depth 
<^{ifi!-) snd to ;>ver!eppif5giy WiSKi it oo jhe 
<iradi8r;t lieid coil stnjctufs te ferrn a nuiltiiay- 
sfod shieiding isyer ijoving a thickness equal 

110 to or gfoatof than ths sklo dspd^ o(ff,fK A 
metal mash may foe used to fore-s the sbseld 
iayer 7. 

As rrientioned hefoini>etofe ths cyiindricsi 
shieiding layer provided on as ieast one s:d^^ 
1 1S of the gradient field coii struoiurs; ensuies that 
high fre<|vief>t;y eiectromagnetis ooupiing be- 
ty/esn the RF coll and the gradient soil Is 
slio'lnatisd, rosuiting in preciso deterramatiof? 
ot the sliee olerie. 

120 

GLAilVIS 

1 . A nsagnetis field generating coli struc- 
tustj for sijsj In an hii\^R--CT, ocfyiprising; a 
gradient field <jon8r3tlng coil stryctiire con;- 

125 posed of Held generating ccif ifiesns for gers- 
erating the nsagnetic fisid with the gradient in 
en X direetksn, gradient field generating coil 
means for generating the i^segriotlc held witi^ 
she gradiern in a ¥ direction ormogoi-sal to the 

130 X direction, sr^d gradient field gor^eratlog coil 
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ths as-adssnt in s Z dsrsctlon orthogonal to ths 

stniiSturs for gjfsssrating a isoiform field in the 
5 Z dsrectson; an HF ooit structure dssspossd 
wsshh-^ sasd u^jform ffe!d gmmsding cosi struc- 
ture and ssid qrsdisnt fisld genersting coil 
strusiurs; s?>d's cyliftdrsoa^ shisSdi^g feysr 
mads of an glectrisaliy sofiductivs matsnai 
1 0 disposed an at km* insids md 

outssds of said grjjdMnt fisid gensratSno co!5 

StS'UCtUfS- 

2, Tho mas^sKitfc soii strisi^use 8S dsjfvied 
m s^ssm 1 , whsi;'«sin said shielding Ssyer is 

IS &Wm\8t ir. cmss s5<sction. 

3. The msgnetsc coil structure ss ciasnfisd 
in sSaiirs 1 , whsrein 5;aid shssSdsng iaysr is 
forsned bv windinsj a coodtjciivs: taf>® with 
«dcie portsoris of adiscsat turns; ovedapping. 

20 4. Ti^s msgnstic coil stnjcHis'S ss ciaimed 
in ebim 1 , whsFesR said shij-jiding iayer sonv- 
prises mstaS mash, 

5, The ?T?sgr^8tic. coll slruiAum as dasmed 
m <il»m 1 , whersiln a ti-iickness of said shidd- 

25: ing layer Ssi squss^ to or larger than a skin 
d8pi:h differsriinsd by sn RF fieid Irequsncy 
snd raSiOtiviSY of said shisidiny lays? arni 
smsiief- thsn s skin dapth dst^rminsd by s 
grsdiani: field control fr&q»«ncy md th& resis- 

30 tivity of ssisd shleldins layer. 




